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Abstract 

Expert system belongs to a field of artificial intelligence and also a computer application that 

performs a task that would otherwise be performed by a human expert. It has some capabilities 

like superior problem solving, ability to save and apply knowledge and experience to 

problems. It also reduces time for complex problem. Library developed expert systems will 

address problems in the cataloging sections, circulation activities, indexing activities, 

information retrieval, reference services and other purposes. Through digital library based 

expert system, users can search the collection, reading collection, and download the desired 

collection by online systems. The paper explores on the components of expert systems which 

includes knowledge base, inference engine, explanation component, user interface and 

acquisition components. The characteristics of an expert system and the different areas in the 

library where expert system can be applied were also analyzed in the paper. However, there 

are some limitations to expert system as the software is developed with a methodology called 

prototyping. This prototype is utilized in a small scale and there is no guarantee that it will 

work in a larger scale production system. Through the application of expert system 

technologies numerous prototype intelligent library systems have been created for the library 

routine work. Digital library base of expert system though in a prototype form can help in the 

performance of existing conventional systems towards a computerized system, so as to speed 

up service. This makes it easy for users to search the collection in digital form through the 

facilities of the internet without having to come directly to the campus library. As a result, 

expert systems should be introduced to all sections of the library so as to ease efficient and 

faster library operation and service delivery.  

 

 

 
Introduction  

The emergence of technologies have revolutionized the world and changed the way people do 

things. In this current trend, the library as part of the society is not left behind, as there have been 

significant changes from traditional repository, manual service delivery to a more dynamic technology 

driven environment where information is transmitted instantaneously (Omehia 2019). This has 

influenced the library as an institution with rapid changes from print to virtual or digitized document 

that can be accessed from anywhere.  The technological tools such as computers, multimedia tools, 

retrieval facilities, e – materials among others have re-shaped the delivery of information services of 

the library in the 21
st
 century. Expert system a branch of artificial intelligence is one of the new waves 

of technology that have influenced the services of the library. The concept of expert system developed 

from the subject domain of artificial intelligence (AI) requires a departure from conventional practices 

and programming techniques. Mogali (2015) posit that expert systems are the most popular artificial 

intelligence programs which are computer programs that embody human mention of artificial 

intelligence created with vision of electro – mechanical devices replacing human beings. McCarthy 

(2006) also states that an expert system is a problem solving computer programs that achieves good 

performance in a specialized problem domain that is considered difficult and requires specialized 

knowledge and skills. Giarratano and Riley (2004) define expert system as a branch of artificial 
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intelligence that makes extensive use of specialized knowledge to solve problems at the human expert 

level.  

 An expert system is a computer system that emulates the decision making ability of a human 

expert. It uses knowledge and reasoning techniques to solve problems that would normally require 

human expertise. Abram (2018) stated that an expert system is designed to solve complex problems 

by reasoning through bodies of knowledge. It is represented mainly as rules rather than through 

conventional procedural code. Knowledge obtained from experts and from other sources such as 

textbooks, journal article,  manuals and databases is entered into the system in a coded form, which is 

then used by the systems inference and reasoning processes to offer advice on request.  Expert 

systems attempts to mimic human experts by the systems capability to render advice teach and 

execute intelligent tasks. Through this system, the concept of a real expert system can be applied and 

useful in solving the existing problems in human life especially in the field of library. Also, they can 

be used to solve problems in various fields or disciplines. 

  In the educational sector, the role of expert system in teaching and learning can be 

appreciated in programming languages which are aided through the World Wide Web. The students 

can access the system through World Wide Web, select any language they want to learn as well as the 

style of presentation they prefer and they can exchange their experiences. In the medical sector, expert 

system helps to scan digital images from the computer tomography for physical appearances and to 

highlight conspicuous section. It is also used in diagnostic application services (Mupifiga and Fohlo 

2015).  Medical expert system according to Osuagwu (2010) is a rule web oriented system for 

automated diagnosis of medical diseases. The system is able to diagnose the diseases based on the 

result of medical test such as urine or blood test. The major purpose of the system is to utilize the 

power of the internet to spread the expert knowledge of a few highly skilled advanced doctors to other 

doctors. In the library and information services, many activities involve expertise and thus provide 

application where expert system techniques and technology improves performances. The emergence 

of information and communication technology has influenced the library as an institution with rapid 

changes from print to virtual or digitized documents that can be accessed from anywhere. Through 

these emerging technologies, the application of expert systems an aspect of artificial intelligence to 

library service delivery will be awesome. 

The digital library based of expert system is a digital library that implements the basic 

concept of expert system which includes a knowledge base and the inference engine in helping service 

mechanism. The knowledge base encompasses all the information needs that human librarian experts 

are using to decide. This information is present in the knowledge base as facts and rules. It is used for 

storage and cataloguing process of making collections that exist in digital library. The inference 

engine simulates human decision makings based on the knowledge base and a rule base. It is used to 

search the detail collections that are available in digital libraries (Divayana, Ariawan, Sugiarta & 

Artanayasa 2015).  By using this digital library based of expert system, users can search the 

collection, reading collection, and download the desired collection by online systems. Digital library 

based of expert system at Indonesia Technology University library was built using the PHP 

programming language, MySQL database as a database management system and developed the 

method of forward chaining and backward chaining as inference engine ( Divayana et al.2015). The 

application of digital library based expert system in this library helped in the performance of existing 

conventional system towards a computerized system so as to speed up service. Digital library based 

expert system makes it easy for users to search the collections (books, journals, magazines and 

articles) in digital form through the facilities of the internet without having to come directly to the 

campus library. Today internet based expert system applications are more popular because the internet 

provides a more effective base for expert systems delivery. The internet is widely accessible; web 

browsers provide a common multimedia interface. Internet based applications are inherently portable 

and emerging protocols support cooperation among expert system. Internet technology has changed 
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the prospects of expert system and led to emergence of web based expert system. Wei and Cole 

(2005) have developed a prototype web based electronic database selection expert system. The 

prototype expert system is designed to assist users in selecting from among the articles database, 

directories, statistical and government document electronic resources. Library developed expert 

systems will address problems in a number of areas. Most will focus on narrow domains with an 

emphasis on local concern. Information and systems will be among the first expert systems to be 

developed by libraries. Lakshmikant and Vishnu (2008) stated that the system that has already been 

designed within the library community helps to aid in the selection process. Expert system helps in 

reference information system. The objective of such systems is to help library users with a reference 

suitable source when a librarian is not available. 

The application of expert systems is useful in the library as it makes existing expertise more 

readily available particularly in multiple locations.  Library management and its activities apply 

repetitious and time consuming activities. Hence in order to increase efficiency and effectiveness, 

many libraries are moving toward automation of their activities (Dwivedi, Kapoor, William, and 

Williams 2013). Automation implies the degree of mechanization where the routine and receptive 

jobs or operations are left to be performed by machines with little or no intervention by human beings 

relieving human of routine chores and giving them more time for tasks which require their 

intelligence.  Through expert systems, a fully automated 24/7 online librarian system was designed to 

respond to routine and repeat inquiries from distance learners (Payne and Bradbury 2002). This frees 

the human expert to handle difficult cases while the system handles the more routine ones. Muqueem 

(2014) stated that expert system can answer questions and solve problems much faster than human 

expert. Also due to the capabilities of computers in processing huge number of complex operations in 

a guide and accurate way, expert systems can provide both fast and reliable answers in situations 

where human experts cannot. Human experts are not always 100% reliable in different domains or can 

forget to take into account a crucial parameter before making a decision. Also human expert cannot 

always be available, might move to another company or get retired. However, the expert system does 

not get tired, if programmed should be 100% reliable and can combine the expertise of several 

experts. Although an expert system can be expensive to develop, but once it is there, its running cost 

should be low, so there will be economic benefits for the library.  

Studies carried out by researchers reviewed the importance of using reference frameworks 

such as ITIL and ISO/ IEC 2000 to diagnosis the behavior of IT processes and provide the steps to 

follow to achieve a high level of maturity of service (Perez 2018).   The construction of the expert 

system was carried out with the Common KADS methodology and the agile SCRUM methodology 

for project monitoring and control. Also the PHP programming language was used because it is a 

dynamic framework in the construction of systems in a web environment and MY SQL for database 

management. The outcome of this research carried out validated that expert systems turn out to be a 

vital part of artificial intelligence because it allows the reduction of operational tasks, saving time and 

cost. It was noted that technological tools seek to emulate the experience and behavior of the human 

specialist in some specific subject, making the expert system make decisions according to the 

previously programmed logic. 
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Characteristics of an Expert System 

Expert system has the following characteristics as stated by Banger (2019). 

1.  Expert system in Artificial intelligence offers the highest level of expertise. It provides 

efficient and accurate solution to imaginative problem. 

2.  An expert system has adequate response time. The total time must be less than the time taken 

by a human expert to get the most accurate solution for the same problem. An expert system interacts 

in a very reasonable period of time with the user. 

3.  It is always reliable and does not make much mistake. 

4. Expert system has to link with metaknowledge that means it is known about themselves with 

own knowledge limitations and abilities. Due to implementation of metaknowledge, it makes more 

interactive and simple for several data representations. 

5. Capable of handling challenging decisions and problems: An expert system is capable of 

handling challenging decision, problems and delivering solution. 

 

Components of Expert System 

 Expert systems have five components. This according to Bhat (2020) and Brown (2021) 

include knowledge base, inference engine, explanatory components, user interface and acquisition 

components;  

 Knowledge Based:  Knowledge base focused on expert knowledge gained. The knowledge 

base is a repository of facts which stores knowledge about the problem domain. It provides a space for 

the collection of all knowledge that can be used in the innovation process.  The innovation is closely 

linked with knowledge and new opportunities are created by combining different sets of knowledge.  

Knowledge base contains codified knowledge that is structured very different from book knowledge. 

It includes factual and empirical knowledge of experts in a particular subject area and all the facts, 

rules and procedures which are important for problem solving. This implies that it contains all the 

knowledge obtained from different experts of a specific field. Thus the success of the expert system 

software mainly depends on the highly accurate, precise and required knowledge.  

 Inference engine: Johnson (2022) sees the inference engine as the brain of the expert system. 

It contains the methodology used to perform reasoning on the information in the knowledge base. 

Inference engine represents the logical unit by means of which conclusions are drawn from the 

knowledge base according to a defined problem solving method. The functions of the inference 

engine are to determine which actions are to be executed between individual parts of the expert 

system, how they are executed and in what sequence to determine how and when the rules will be 

processed and to control the dialog with the user. Vandepalll (2021) states that the Inference engine 

performs its function through forward chaining and backward chaining. An inference engine using 

forward chaining searches the inference rules until it finds one where the” IF” clause is known to be 

true. It starts with some facts and applies rules to find all possible conclusions (Diego, 2019). This is 

therefore known as data driven approach. Donna (2009) stated that an inference engine using 

backward chaining searches the inference rules until it finds one which has a “Then” clause that 

matches a desired goal. In other words, this approach starts with the desired conclusion and works 

backward to find supporting facts. It is therefore known as goal driven approach.  Kusumadewi (2003) 

emphasizes that forward chaining matches facts or statements starting from the left while the 

backward chaining matches’ facts or statements from the right. The reasoning starts from the first 

hypothesis and to test the truth of this hypothesis, there is the need to look for the facts that exist in 

the knowledge base. 

 The user interface: this is the most crucial part of the expert system software. This component 

takes the users query in a readable form and passes it to the inference engine. After that, it displays the 

results to the user. It is an interface that helps the user communicates with the expert system. 
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 Knowledge acquisition: The term knowledge acquisition means how to get required domain 

knowledge by the expert system. Vandepall (2021) refers knowledge acquisition as the method used 

to extract domain-specific information by an expert. This component provides support for structuring 

and implementing of knowledge in the knowledge base. The entire process starts by extracting 

knowledge from a human expert, converting the acquired knowledge into rules and injecting the 

developed rules into the knowledge base. This is important as it allows the engineer to concentrate 

less on the programming (Vizureanu, 2019). 

 

Applications of Expert Systems in Libraries. 

The primary reason for developing expert systems in library activities is to bring the 

improvements that technology can provide to bear on existing tasks. Analysis of the literature on the 

application of expert systems in Library and Information Science emphasizes the application area as: 

cataloguing, classification, indexing, reference services, and online information retrieval systems. 

 

Expert Systems in Cataloguing 

The existing level of highly codified knowledge about cataloguing is the most frequently cited 

reasons for using expert systems. The presence of AACR, MARC format, Library of Congress Rule 

interpretations, OCLC manuals and a number of other interpretative guides for cataloging form 

precisely the kind of knowledge which is transferable to the knowledge base of an expert system. 

Thus cataloging seems to be a fertile ground for the development of expert system. A number of 

expert systems have been developed for cataloging documents. However, most of these expert 

systems are in the prototype or conceptual stage. Some of the leading projects include the expert 

system developed by Chander et al  in Liebowitz and Adya (2000) to aid in cataloging and searching 

electronic documents on digital libraries. For cataloguing and searching they used a metadata 

description called a “semantic header to describe the document. The expert system was designed to 

mimic the behavior of reference librarian. At Northwestern University, several expert system projects 

were developed for cataloging. DELICAT (Data Enhancement of Library Catalogues) is an expert 

system capable of automatically detecting errors in library catalogues and drawing these to the 

attention of library staff. IESCA (The Interactive Electronic Serials Cataloging Aides) is a tutorial 

which assists libraries in cataloging electronic documents. It guides the users through the process and 

includes most applicable rules and standards from cataloguing organizations. 

 OCLC has developed the automated title page cataloging system. This prototype is a rule 

based system, written in Prolog which interprets typographic files and builds an approximation of an 

AACR 2 first level description. Efforts of OCLC have been directed at automated descriptive 

cataloguing. Automated descriptive cataloging entails three broad functional activities. This includes 

capturing a page image in machine readable form; Identifying functional related text strings from the 

page image and assigning these text strings to appropriate bibliographic fields example includes, title, 

statement of responsibility, publishers’ etcetera.  Assigning subject fields entails selecting from a 

document certain words, phrases or sentences that may suitably represent its information content; 

transforming these sets of words into a standard terminology and casting them into standard forms. 

All these activities can easily be captured by OCLC Automated title page project. The system would 

evaluate this data and produce a first level bibliographic description as defined by AACR2. Three of 

the seven elements needed for the first level description can be found on the front of the title pages.  

Also a more complex system has been developed to automatically catalog and index the structural 

components of documents by using Optical Character Recognition (OCR) technology to read text. 

The system identifies bibliographic components of the documents such as author and title as well as 

structural components such as abstracts and indexes and encodes the components in accordance with 

the standard generalized markup language. It is expected that the system will be able to produce 

descriptive catalog entries to convert existing catalog cards to MARC records automatically, and to 
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index documents for full text retrieval systems. An expert system with full cataloguing capability 

linked into electronic publishing system can generate text online, and pass it through knowledge based 

systems and cataloguing process will be done without any intellectual input from an intermediary 

(Adejo and Misau 2021).                                                                                                                       

 

Expert System in Classification:  

Classification is a difficult function to capture in an expert system as there are no strict rules 

available and the relationships between objects and classes are often ambiguous. In 1986, Paul Burton 

conducted an exploratory research at the University of Strathclyde in the United Kingdom, aiming to 

assess the merits of various ways of knowledge representation and to assess the suitability of expert 

systems in classification. The research resulted in a prototype expert system that was able to advise a 

Dewey classification number based on the information provided by the user, to justify the reasoning. 

Following the research, OCLC developed cataloguer’s assistant and this was tested in Carnegie – 

Mellon University to reclassify the mathematics and computer science collection. 

 

 Application of expert system in the library areas of classifications include; 

a. Coal sort:  Coal sort consists primarily of a frame based semantic network and the software 

needed to allow users to display portions of it and to move around in conceptual structure.  This 

conceptual browser was designed to serve either as a search or an indexing tool. The expert 

knowledge in the system is embodied almost entirely in the semantic network. 

b. The Environmental Pollution Expert (EP.X) assists users in conducting subject search.  

The interviews and observations of expert document indexers preceded the design of EP-X. 

Consequently, frames were used to represent topics in EP.X knowledge base. Studies of expert human 

intermediary indicated several salient functions that EP-X performs during online search. First, they 

tended to decompose the overall problem of finding relevant documents into smaller sub-problems. 

These includes identifying and negotiating the requesters topic of interest, finding an initial 

neighborhood and then refining ie (broadening or narrowing) the topic interactively with the 

requester. Secondly, when a requester expressed an interest in a concept, the intermediary would 

make the semantically natural inference of the word. This has some commonalities with coal sort as 

both concentrates on enhancing interface using knowledge based approach. The knowledge based of 

EP.X consist of hierarchical frame based semantic network of concepts and a set of templates that 

express the patterns called the pragmatic relationship among concepts. 

c. BIOSIS is also known as an indexer aid. It is a knowledge base that includes a significant 

amount of procedural knowledge to assign documents to categories automatically. BIOSIS uses the 

information on the titles of biological documents to assign as many categories as possible of those that 

would be assigned by human indexers. The indexing language is structured and is a practical 

representation of information that can be used to very good advantage of expert system applications. 

d. CUTT-X: This is an expert system for automatic assignment of cutter number, developed 

using Microsoft Access relation database, the system performed well for the International civil 

aviation organization library( Savic cited in Rahi 2019). 
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Application of Expert System in Indexing: 

Indexing of periodicals is another area where expert systems are being developed. Indexing a 

periodical article involves identification of concepts, translating these concepts into verbal 

descriptions, selecting and assigning controlled vocabulary terms that are conceptually equivalent to 

verbal descriptions. The reason for automating the intellectual aspect of indexing is to improve the 

indexing consistency and quality. Based on the information provided, the indexer can arrive at 

appropriate preferred terms automatically to assign relevant subdivisions. The system can make 

inferences and based on the inference, it can take appropriate action. Med index is the best example of 

an indexing system used in the library indexing activities (Okpokwasili 2019).  

 

Expert Systems in Reference and Information Retrieval.  

The delivery of reference services can be practically supplemented through the appropriate 

incorporation and use of software tools commonly referred to as expert systems. Since most expert 

systems are designed to simulate the process of problem solving practiced by an expert in a given 

field, an expert system designed to fully emulate library reference work must have the potential to 

respond to a wide subject range of questions with varying degrees of response adequately. The expert 

reference system works by the user being presented by the introductory screen through which the 

subject menu is presented. If the user selects a subject, the system determines whether there are 

content types associated with the subject, and if so, it displays a content type menu, once the user 

selects a content type, the system determines if both print and CD ROM resources exist for the chosen 

subject. Finally, the system retrieves reference sources that match the subject selected. An expert 

system developed in the area of information retrieval has the objective of performing the job of 

information specialists who assists users in selecting the right vocabulary, terms for a database search.  

The use of plexus an expert system developed to be used in reference and retrieval services 

demonstrates how intermediary systems can more actively assist users. Plexus as a knowledge based 

system has been designed such that if the initial search strategy should yield unsatisfactory results, the 

system can provide active topic refinement assistance. Its default provides a broadening tactic that 

enables the system to retrieve additional documents by replacing a concept in the initial query with its 

hierarchical defined parent. The criterion chosen in the prototype is to move to the parent term. The 

system can be very helpful in selecting the right resources based on user behavior in using the 

retrieval system. It can also be used for intelligent retrieval from database (Bavakutty and Salih, 

2006). Answer man is another reference expert system developed by the National Agriculture library. 

It provides link to well popular database of agriculture ie AGRICOLA (Rahi 2019). 

 

Limitations of an Expert System 

The expert systems are often created utilizing the software development methodology called 

prototyping. The objective of the software prototype is to validate proposed designs by constructing a 

low cost system that has enough functionality to test out major designs decisions. The prototyping 

allows developer to fairly quickly create one or more systems that approximate the final system. 

However, there is no any guarantee that software techniques utilized in the small scale prototype will 

work in the large scale production system. This can lead to a false sense of accomplishments. In most 

libraries, expert systems are prototypes, not production systems. 

It is evident that no technology is entirely perfect to offer easy and complete solution. Also 

the level and caliber of effort that must be expended to create an expert system is directly related to 

the power and complexity of that system. The more intelligent the system is the greater the effort that 

must be expended to create it and also the greater the degree of expertise that is needed to do so.  

Larger systems are not only expensive but also require a significant amount of development time and 

computer resources. There is also the need for skilled personnel combined with expensive developed 

tools.  
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Conclusion 

To overcome the criticism of the libraries focus on their specific collections and a 

recommendation to focus more on user needs, there is a need to overpass the key limitations in the 

development of traditional libraries which have been developed for a particular content and a specific 

group of learners. There is also the need to overpass the key limitations in the development of 

traditional libraries which have been developed for a particular content and a specific group of 

learners. It is expected that today’s libraries should become practical knowledge store house that will 

offer intelligent opportunities for people. Through the application of expert system technologies 

numerous prototype intelligent library systems have been created for the library routine work like 

cataloguing, indexing, information retrieval, reference and other purposes. The digital library base of 

expert system can help the performance of existing conventional systems towards a computerized 

system, so as to speed up service. This makes it easy for users to search the collection in digital form 

through the facilities of the internet without having to come directly to the campus library. With the 

digital library based of expert system, the concept of a real expert system can already be applied and 

useful in solving the existing problems in human life, especially in the field of library. There is the 

need to activate expert system beyond the prototype level in the library in order to fasten library 

operation and enhance service delivery. 
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